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BACKGROUND 


The  end  results  of  a design  effort  for  a piece  of  electronic 
equipment  are  two:  A piece  of  hardware  and  a documentation 

package.  The  documentation  is  more  valuable  than  the  hardware 
since  it  is  from  the  documentation  that  all  production  of  the 
equipment  is  done.  Currently,  however,  the  design  of  the  equip- 
ment and  the  production  of  the  documentation  are  done  separately 
with  the  effort  applied  in  producing  the  documentation  being 
a minimum,  usually  only  enough  to  meet  contractual  obligations. 
The  documentation  supplied  at  the  end  of  the  development  is 
usually  done  by  a drafting  department  from  sketches  developed 
during  the  design  process,  with  the  result  that  some  of  the 
documentation  does  not  describe  adequately  the  equipment. 

The  production  of  documentation  as  an  integral  part  of  the 
design  process  will  eliminate  the  problem  of  inadequate  docu- 
mentation since  both  the  equipment  and  the  documentation  come 
concurrently  out  as  two  outputs  from  one  process. 

INTRODUCTION 


The  cost  of  designing  electronic  equipment  can  be  reduced  by 
integrating  the  documentation  process  into  the  design  process. 

In  order  to  effect  this  design  cost  savings  and  improve  the 
quality  of  the  documentation  of  electronic  equipment,  an  approach 
was  conceived  which  would  make  use  of  a standard  symbols  library 
and  an  automated  drafting  system.  The  use  of  the  design  sym- 
bols as  design  tools  rather  than  just  documentation  tools 
results  in  the  equipment  being  fabricated  from  the  design  docu- 
mentation rather  than  the  documentation  being  copied  from  the 
equipment.  This  assures  that  the  documentation  is  adequate  for 
produc  t i on . 

Since  this  project  was  for  the  purpose  of  development  and 
demonstration  of  the  design  method,  its  scope  was  limited  to 
the  design  of  printed  circuit  boards  (PCB)  but  the  method  is 
generally  valid. 

SYMBOLS  LIBRARY 


The  Symbols  Library  is  a design  and  documentation  tool 
consisting  of  an  open-ended  catalog  collection  of  named  symbols 
The  symbols  are  manipulated  by  the  designer  to  produce  a piece 
of  documentation.  Each  symbol  is  allowed  multiple  definitions 
so  as  to  allow  different  types  of  documentation  to  be  produced 
from  the  same  input. 

A symbol  is  a collection  of  line  segments  which  can  bo 
logically  grouped  and  used  as  a group  more  than  once.  All  that 
is  required  is  that  each  line  segment  maintain  its  position 
relative  to  the  other  line  segments  which  make  up  the  group, 
and  that  there  be  a potential  re-use  of  the  group. 
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A symbol  may  be  as  simple  as  a circle  or  an  arrow  or  as 
complicated  as  an  entire  assembly.  Symbols  may  be  moved, 
rotated,  scaled,  repeated,  etc.,  along  with  other  symbols 
and  lines  to  make  up  a final  drawing. 

A symbol  may  also  be  made  up  of  other  symbols,  i.e., 
symbols  may  be  'nested'.  Nesting  is  the  normal  method  of 
producing  all  symbols  above  the  primitive  set,  as  shown  in 
Appendix  2,  which  illustrates  some  sample  symbols  and  their 
de  f i ni t i ons . 

The  Symbols  Library  concept  modifies  the  simple  definition 
of  a symbol  to  allow  a given  symbol  to  be  multiply  defined 
(see  Appendix  2 for  a sample)  so  that,  for  example,  the 
assembly  drawing  and  artwork  for  a printed  circuit  board  are 
able  to  be  produced  from  the  same  drafting  program  by  simply 
changing  the  symbol  set. 

The  result  of  allowing  multiple  definitions  of  symbols  is 
that  the  designer  can  think  of  symbols  representing  logical 
items  rather  than  a collection  of  lines.  Thus,  he  would  think 
of  a symbol  called  5420  as  a 14  pin  IC  containing  two  four 
input  Nand  gates  knowing  that  the  system  would  draw  the 
schematic  symbol,  package  symbol  or  artwork  symbol  as  re- 
quired, but  the  designer  would  always  refer  to  it  as  "5420  at 
location  such  and  such". 

The  symbols  are  cataloged  into  a library  which  is  open- 
ended  allowing  for  growth.  The  printed  circuit  board  (PCB) 
Library  consists  of  symbols  with  four  definitions;  namely,  the 
artwork  symbol,  the  package  outline,  the  internal  schematic, 
and  the  alphanumeric  label  symbol.  (An  initial  library  is 
included  in  Appendix  3). 

The  Symbols  Library  is  intended  for  use  as  an  integral  part 
of  the  design  process,  as  will  be  seen  in  the  next  section, 
thus  providing  the  dual  benefits  of  simplifying  the  documen- 
tation of  a design  and  guaranteeing  the  adequacy  of  the  docu- 
mentation. There  is  an  additional  benefit  that  occurs  after 
the  design  is  complete  in  that  engineering  changes  are  vastly 
more  simple  to  document  since  only  that  portion  of  the  drafting 
program  which  is  affected  by  the  change  need  be  redone  and  new 
drawings  can  be  immediately  produced  on  the  drafting  system. 

PCB  Design  Using  Symbols  Library 

The  starting  point  of  the  design  process  assumes  that  a 
valid  schematic  of  the  circuit  to  be  designed  is  available. 

Note  that  design  is  the  discipline  which  produces  a PCB  from 
a schematic  as  opposed  to  engineering  which  produces  a proto- 
type and  schematic  from  a specification. 
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The  design  process  (FIG  I)  is  begun  by  the  designer 
reviewing  the  design  symbol  catalog  and  adding  new  symbols 
using  the  library  maintenance  software  if  necessary.  When 
the  library  contains  all  of  the  symbols  (usually  there  is 
one  symbol  for  one  component),  the  designer  prepares  a design 
input  deck  which  contains  all  symbols  (components)  that  he 
uses  and  their  location  and  orientation. 

The  design  input  is  run  through  the  design  assistance  soft- 
ware. The  designer  gets  out  of  this  program  a parts  list  and 
a magnetic  tape  for  the  drafting  system  with  the  component 
layout  on  it  and  information  for  the  routing  software. 

If  the  PCB  is  a one  or  two-sided  board,  it  is  uneconomical 
to  use  a computer  routing  program  to  provide  the  interconnec- 
tion. The  designer  usually  routes  the  interconnection 
manually.  This  process  follows  the  dotted  line  path  on 
Figure  l as  follows: 

• The  designer  receives  a two  or  four  times  blowup  of  the 
artwork  upon  which  he  sketches  or  draws  the  interconnec- 
tion pattern.  This  pattern  is  digitized  by  the  drafting 
machine  and  run  through  the  computer  post-processing 
program  to  produce  the  interconnection  pattern  of  the 
correct  width. 

• If  the  PCB  is  a multilayer  board  the  interconnect  ion 
data  is  sent  to  a routing  program  which  routes  the 
connections  and  returns  a magnetic  tape. 

• The  component  layout  tape  and  the  routing  tape  are  then 
processed  by  the  symbol  resolving  system  and  drawn  using 
an  automated  drafting  system.  The  end  results  of  this 
process  are  the  artwork,  a numerical  control  (NC) 
drilling  tape,  an  assembly  drawing  and  a schematic. 

The  artwork  is  used  to  fabricate  a PCB  which  is  drilled 
using  the  NC  tape.  The  components  are  then  inserted  using 
the  assembly  drawing  as  a guide.  If  automatic  assembly 
machines  are  used,  the  data  for  the  program  is  already 
available  since  the  location  of  all  components  is  alreadv  in 
the  Data  Base.  After  soldering,  the  finished  board  is  tested 
and  after  successful  completion  of  the  tests,  the  design  is 
complete . 

Since  the  documentation  has  been  used  to  fabricate  the 
PCB,  the  fact  that  the  testing  proved  that  the  PCB  design 
is  correct,  also  insures  that  the  documentation  is  adequate. 
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IMPLEMENTATION  OF  THE  DESIGN  SYMBOL  LIBRARY  SYSTEM 


The  Design  Symbol  Library  has  been  implemented  at  ECOM 
by  the  use  of  a combination  of  computer  programs  on  a large 
computer  (Burrough  B5700)  and  a computer  controlled  automated 
drafting  system  (TRIDEA). 

A description  of  the  structure  of  the  software  and  hard- 
ware components  of  the  Design  Symbols  system  follows. 

LIBRARY 


The  Design  Symbols  Library  is  stored  in  two  parts.  The 
first  part  contains  the  data  which  allows  translation  from 
part  number  or  component  type  to  symbol  name  and  the  second 
part  contains  data  which  allows  translation  from  symbol  name 
to  drafting  commands  for  the  drafting  system.  This  division 
of  the  library  into  two  parts  is  due  to  many  different 
electronic  components  having  the  same  symbol;  e.g.,  the  many 
components  that  are  housed  in  14  pin  dual  in  line  packages 
(DIP).  The  two-stage  revolving  of  the  component  or  part 
allows  only  one  copy  of  each  symbol  to  be  stored. 

The  first  part  of  the  library  is  the  part  which  inter- 
faces the  system  to  the  designer.  The  data  contained  in  this 
part  for  each  component  includes:  component  type,  component 

description,  schematic  symbol  name,  package  symbol  name, 
power  dissipation,  component  number,  pad  size,  location  of 
component  center  and  component  orientation.  This  part  of  the 
library  is  stored  on  magnetic  tape  located  with  the  large 
computer  system  (B5700).  In  addition  to  providing  the  data 
for  the  component  layout  symbol  tape  this  part  of  the  librarv 
supplies  the  data  for  parts  lists. 

The  second  part  of  the  library  is  the  part  which  inter- 
faces to  the  drafting  system.  It  is  located  on  the  disc 
storage  system  which  is  part  of  the  TRIDEA  automated  drafting/ 
digitizing  system.  The  library  is  maintained  in  two  sections; 
one  section  contains  the  fixed  disc  which  has  the  unchangeable 
symbols,  and  the  other  contains  the  removable  disc  which  has 
the  changeable  symbols,  i.e,  the  assembly  drawing  symbols  and 
the  artwork  symbols  where  the  same  symbol  call  produces  a 
different  configuration  on  line  segments  depending  upon  the 
symbol  set  that  is  on  the  removable  disc  at  the  time.  This 
part  of  the  library  is  comprised  of  files  whose  names  are 
equivalent  to  the  symbol  names  which  are  output  from  the 
design  assistance  program.  Each  file  contains  a combination 
of  drafting  commands  and  calls  to  subfiles,  also  drafting 
commands,  which  produce  the  required  symbol  when  called  bv 
the  drafting  program. 


5 


DESIGN  ASSISTANCE  SOFT  .•.'ARE 


The  Design  Assistance  Software  is  a set  of  computer 
programs  which  allows  the  designer  to  layout  a printed  circuit 
board  using  the  design  symbols  library.  These  programs  are 
written  in  FORTRAN  to  run  on  the  large  computer  system 
(B5700)  in  conjunction  with  the  data  in  the  first  part  of 
the  Design  Symbols  Library.  The  operation  of  the  Design 
Assistance  Software  ic  as  follows: 

a The  designer  prepares  and  submits  a deck  of  computer 
cards  to  the  program.  Each  card  of  this  deck  contains 
a component  identification,  the  component  number,  a 
component  type,  the  position  of  pin  1,  the  orientation 
of  the  component  and  a part  description. 

a The  software  reads  this  card  deck  and  sorts  the  data 
into  order  by  component  type. 

a The  software  starts  at  the  beginning  of  the  sorted 
cards  and  searches  the  first  part  of  the  data  base 
for  a matching  component  type.  It  extracts  from  this 
library  the  data  it  needs.  It  then  writes  the  symbol 
for  that  component  onto  the  Artwork/Assembly  drawing 
tape  and,  if  requested,  writes  the  schematic  symbol  to 
the  schematic  tape. 

• The  software  next  repeats  that  process  for  all  cards 
in  the  input  deck,  and  when  it  has  finished  the  input 
deck  it  writes  out  the  part  list,  power  description 
list  and  pin/voltage  list  as  requested  and  terminates. 

• After  all  of  the  processing  is  completed,  the  program 
terminates  the  output  of  data  to  the  tapes  and  writes 
and  end  of  file  on  the  tapes.  The  component  layout 
tapes  are  sent  to  the  automated  drafting  system  and  the 
lists  are  given  to  the  designer  completing  the 
operation  of  the  Design  Assistance  S-  ftware. 

LIBRARY  MAINTENANCE  SOFTWARE 


The  Library  Maintenance  Software  is  a set  of  computer 
programs  which  allows  the  first  part  of  the  symbol  library 
to  be  initially  built  and  then  updated  as  needed.  The  pro- 
grams are  written  in  FORTRAN  and  run  on  the  R5700  Computer. 

• The  inputs  to  the  program  are  the  current  sy  Nols 
library  Part  1 tape  and  an  input  library  update  card 
deck . 

• The  outputs  are  a new  symbols  library  Part  1 tape,  a 
listing  of  the  changes,  and  if  requested,  a complete 
listing  of  the  new  symbols  library  r"  ' . 
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The  program  operates  in  three  phases:  First  the  input 

data  is  read  and  sorted  by  component  type;  second,  the  input 
data  is  merged  with  the  old  symbols  library  and  a new  symbol 
library  type  is  generated;  and  third,  a listing  of  the  new 
symbols  library  is  generated. 

Library  records  can  be  added,  replaced  or  deleted.  An 
input  record  whose  component  type  is  not  in  the  old  program 
library  is  added  to  the  new  program  library.  Input  records 
whose  component  type  is  already  defined  will  replace  the  old 
program  library  reference  on  the  new  program  library.  If, 
however,  the  input  record  contains  the  characters  "*DEL" 
after  the  component  name,  the  library  entry  with  that  com- 
ponent name  is  deleted  from  the  new  symbols  library  tape. 

After  the  completion  of  the  processing  of  all  input  cards, 
a listing  is  made  of  all  the  changes  which  were  made  in  the 
symbols  library  tape.  After  the  new  symbols  library  tape  is 
completed,  a listing  is  made  of  the  entire  symbols  library  if 
that  option  was  requested  and  the  program  terminates. 

DESIGN  SYMBOLS  CATALOG 


The  Catalog  is  composed  of  the  latest  listing  of  the 
contents  of  the  Part  1 tape  in  the  symbols  library  which  is 
produced  by  the  library  maintenance  software  along  with  a 
drawing  of  the  symbol (s)  produced  by  the  automated  drafting 
system  which  corresponds  to  that  component. 

The  Design  Symbols  Library  catalog  is  the  document  that 
allows  the  designer  to  know  what  components  are  presently 
available  in  the  symbols  library.  The  designer  uses  the 
components  which  are  in  the  catalog  in  designing  the  circuit. 
If  a particular  component  does  not  exist  in  the  catalog, 
the  designer  or  someone  else  can  add  it  to  the  library  by 
using  the  library  maintenance  software  to  update  the  catalog 
and  library.  If  the  drafting  symbol  that  corresponds  to  that 
component  does  not  exist,  it  is  prepared  by  the  operator  of 
the  automated  drafting  system.  Thus  the  library  and  catalog 
grow  as  the  library  is  used. 

AUTOMATED  DRAFTING  SYSTEM 


The  drafting  system  is  an  ACTRON/TRIDEA  Automated 
Drafting/Digitizing  System.  It  is  a flat  bet  computerized 
system  with  the  following  major  components: 
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Table  - The  drafting  surface  is  a 4 foot  by  5 foot 
flatbed  table.  The  drafting/digitizing  head,  which  has  a 

6 position  turret  and  a television  camera,  is  positioned  to 
within  .001  inches  by  feedback  controlled  XY  gantry.  The 
drafting  system  is  controlled  by  a Varian  6201  Minicomputer 
which  reads  the  drafting  data  from  an  input  device  and 
positions  the  drafting  head  using  feedback  data  from  the 
coordinate  measurement  system.  In  the  digitizing  mode,  data 
from  the  coordinate  measurement  system  is  written  to  an  out- 
put device. 

Input /Output  Devices  - The  TRIDEA  System  accepts  input 
data  from  paper  tape,  7 track  magnetic  tape  or  from  the 
operator's  console  and  outputs  data  to  either  paper  tape  or 

7 track  magnetic  tape.  Data  is  also  kept  on  a magnetic  disc 
storage  device. 

Drafting  Software  - The  drafting  software,  which  is 
known  as  Al-draft,  is  a computer  program  which  reads  the 
drafting  data,  which  is  in  a special  purpose  drafting 
language,  translates  this  data  into  movement  commands  for  the 
table  and  controls  the  movement  of  the  drafting  head  from 
feedback  from  the  coordinate  measurement  unit. 

Drafting  Language  (Appendix  1)  - The  syntax  in  which 
drafting  programs  are  written  is  simple.  Each  input  record 
describes  one  m ement  of  the  drafting  head.  One  record 
tells  it  where  the  head  is  to  move  to  and  from  its  current 
position,  whether  the  pen  is  down  or  up,  or  whether  the 
movement  is  in  a straight  line,  an  arc,  or  part  of  a para- 
bola. There  are  also  auxiliary  commands  to  tell  which  pen 
to  use,  whether  the  lines  are  dashed,  whether  to  draw  alpha- 
numeric symbols,  etc.  The  language  also  allows  geometry 
commands  such  as  mirroring,  rotating,  etc. 

Digitizing  Software  - The  digitized  software  accepts 
positional  information  from  the  coordinate  measurement  system 
and  outputs  data  in  the  drafting  language  to  an  output  device 
The  lines  on  the  drawing  to  be  digitized  are  followed  by  the 
television  camera  under  control  of  either  the  operator  or  the 
automatic  line  following  hardware  and  output  record  describ- 
ing each  line  or  are  written  on  the  output  device. 

SYMBOL  RESOLVING  SYSTEM 


The  Symbols  Resolving  System  is  implemented  by  a combin- 
ation of  software  and  hardware  enhancements  to  the  Automated 
Drafting  System.  In  order  to  provide  storage  for  the  symbols, 
a disc  storage  system  was  added  to  the  hardware.  In  order 
to  provide  access  to  the  symbols  on  the  disc  system,  a disc 
operating  system  and  a revision  of  the  input  section  of 
Aldraft  were  added  to  the  software. 
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The  disc  provides  space  for  five  million  characters  to 
be  used  for  symbol  definitions  and  application  drafting 
program  storage.  The  disc  operating  system  provides  the 
means  to  build  and  access  named  data  files.  These  data  files 
are  treated  as  symbol  names  of  Aldraft  and  which  starts 
reading  instructions  from  a data  file  rather  than  the  input 
program  whenever  a data  file's  (symbols)  name  is  encountered 
in  the  input  drafting  program. 

ALTERNATIVE  IMPLEMENTATION 


The  symbols  library  concept  can  be  implemented  in  a 
number  of  ways.  The  system  described  above  is  the  one  which 
was  implemented  at  ECOM.  Its  design  took  advantage  of  the 
availability  of  an  on-site  large  computer  (B5700)  and  the 
availability  of  a disc  operating  system  for  the  automated 
drafting  system. 

An  alternative  is  to  implement  the  symbol  resolving 
system  as  well  as  the  design  assistance  software  on  a general 
purpose  computer.  In  this  case  the  symbol  resolving  system 
would  be  a language  pre-processor  which  would  read  the  input 
drafting  program,  look  for  symbol  calls  and  insert  the  proper 
set  of  drafting  commands  to  produce  that  symbol  on  the 
destination  drafting  machine.  This  implementation  would 
allow  a designer  to  implement  the  symbols  library  without 
owning  a drafting  machine  by  renting  time  on  a remote  draft- 
ing machine  and  using  a software  symbols  resolver  to  produce 
the  drafting  programs  for  that  machine. 

Other  feasible  implementations  exist  which  would  provide 
the  symbol  library  function  equally  as  well.  The  essence 
of  the  function  is  not  in  the  implementation  but  rather  is 
providing  the  designer  with  a catalog  of  standard  symbols 
and  requiring  that  he  use  these  symbols  in  the  combined 
design/documentation  effort  and  that  the  end  product  be  made 
from  the  documentation  produced  by  this  effort. 

CONCLUSIONS 


The  Design  Symbol  Library  has  been  designed  as  a solu- 
tion to  both  the  problem  of  the  high  cost  of  design  and  docu- 
mentation and  the  problem  of  adequacy  of  documentation  for 
production . 

As  a test  of  this  system,  an  interface  board  was  de- 
signed using  the  symbol  library  (Appendix  4).  During  the 
design  process  the  following  advantages  over  the  standard 
design  methods  were  noted: 
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• The  current  revision  of  the  design  was  always 
available  to  the  designer. 

• No  sketches  were  used  in  the  design  process. 

• The  accuracy  of  the  final  artwork  was  .001  inch 
independent  of  minor  deviation  in  the  designers 
input  since  the  Drafting  System  gridded  the  final 
artwork . 

• The  artwork  to  produce  the  board  was  immediately 
available  at  the  end  of  the  design  effort. 

• The  assembly  drawing  and  the  logic  diagram  were 
produced  by  merely  changing  symbol  set  and  re-running 
the  same  drawing  tape  on  the  drafting  system. 

• The  parts  list  was  a computer  listing  from  the 
Design  Assistance  Program  and  was,  therefore, 
available  without  any  extra  effort. 

The  Design  Symbols  Library  thus  demonstrated  that  it 
does  indeed  solve  the  problem  of  inadequate  documentation 
while  reducing  the  cost  of  the  design  documentation  process. 
The  combining  of  design  and  documentation  into  an  integral 
process  results  in  a more  efficient  process  through  elimina- 
tion of  steps  as  well  as  insuring  the  adequacy  of  documen- 
tation. 
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APPENDIX 


■E:VH  ! I ■ : Of)  <);■  A PUPPET  OF  THE  ALPKAET  LANGUAGE  A!  IF'  AN  EX  AH  H 


Aldraft  is  a special  purpose  computer  lan^uape  whore  pur- 
pose is  to  allow  the  description  of  drawings.  Each  input 
record  in  this  language  is  limited  to  56  alphanumeric  charae- 
' ' rs  and  describes  either  a setup  command  or  one  pen  motion 
ci  mmand.  The  language  in  which  the  commands  arc  described  con- 
sists of  mnemonic  operation  codes  and  alphanumeric  operand.  . A 
description  of  a subset  of  these  commands  is  as  follow.  : 


OPERATION 


MNEMONIC  OPERAND 


love  to  an  X position 

Move  to  a Y position 

Move  to  X,Y  position 

Draw  an  Arc 

Lift  Pen 

Pen  Down 

Write  Text 

Number'  Program  Line 


X number 
Y number 

Arc  AnXnYn 

D2 

D1 

D Number  Text 
N Number 


X 50; 

Y 10; 

X 50  Y 10; 

Arc  A 4 5 XI 0 Y10; 
DP; 

D 1 : 

DIO  Example; 

N1 


Incremental  or  absolute  positioning  PO  A or  PO 


AN  EXAMPLE  PROGRAM  13: 

NO IX  10  Y 10  DP; 

NO?  Y 20  D1 ; ? 

NOR  X 15; 

N04ArcAl 80  X 20  Y 20 
NO 5 X 30; 

^ ] 

NO 6 Y 10; 

NO 7 X 10; 

NOB  X 0 Y 0 D? ; 

The  number  beside  each  1 ine  on 
the  drawing  but  are  added  here 
ex amp  1 e . 


the  figure  does  not  appear  it 
to  aid  in  understanding  the 
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APPENDIX  11 


SYMBOL  DEFINITION  AND  EXAMPLES 

Symbols  are  files  on  the  Disc  Storage  unit  which  contain 
descriptions  in  Aldraft  of  the  desired  figure.  The  description 
is  allowed  to  refer  to  other  symbols  in  order  to  define  that 
figure,  and,  in  fact,  that  is  the  normal  mode  of  definition. 
Thus,  if  PAD075  is  defined  as: 

PO I : 

X .07b ; 

Arc  A360  XOYO;  ' * 

X- .075 ; 

Then  a 14  pin  DIP  (DIP14)  would  be  defined  as: 

PQJ.  0 0 O <3  O o o 

XOYO; 

(1)  ! PAD075 ; 

X.  1 

( p ) ! PAD075 ; 

1 > — O O O O O o 

Y . 3 

(8)  ! PAD075 ; 

X-.  1 

(0)  f PAD075 ; 

X-.l  ; 

(14)  ! PAD075 ; 

Y-.3; 

Note  that  symbol  calls  are  denoted  by  ! symbol  and  the 
end  of  a symbol  definition  by  a record  containing  only  an 
FOB ( = ; ) . 
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SYMBOL  DEFINITION  AND  EXAMPLES 


A layout  of  14  pin  IC  pads  would  he  described  as  follows: 


POA 
XOYO ; 

(1)  ! D I P 1 4 ; 

X 2; 

(2)  ! D 1 P 1 4 ; 
V 1 ; 

! DIP1 4 ; 


O i>  o 3 oo 

6 O CVC»(*  OP 


p • t>  a o * o 

* CO 


f « <*  c * r o 


• * PC * C <? 


If  a new  set  of  symbols  is  loaded  onto  the  Disc  where 
DIP14  produces  the  following  symbol: 

"»  ""«■  *T 


UU  U U U UT7 

Then  the  above  layout  program  would  produce: 

" « " " " " * 


mi  I n i, 


a uv  w v W V 


u u lull  1)1 

n nr»n  n 


U U If  U U ¥ V 


This  is  how  assembly  drawings  are  produced  from  the  same 
program  as  the  artwork. 
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APPENDIX  III 


INITIAL  LIBRARY 


: initial  library  is  in  two  parts.  The  first  is 

I irt  type  to  symbol)  library  which  is  used  by  the 
n Assistance  Software  and  is  in  Part  1 of  Appendix 

1'he  second  is  the  (symbol  to  drafting  pattern)  library 
h is.  used  by  the  Symbol  Resolving  System  and  is  in 
.is!  1 of  Appendix  III. 
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AYS101J  UAR/T  uMIvFRSAl  ASYNCHRONOUS  RCCFIvER/TRANSmITTCR  GIANT  OTRS1011 

OI'AO  ,»»0-.J000  .MO  1 ».0  * -12. 0 J — o.o  - ■ — 


Stj-J  I»u:  »«*11  Dlt!T*i.  »Ui.Tl*Lt  mr  0j»*»3- 


file  NAME-  p»h- 
SYMBOL  SET- 
SCALE-  Z X 
DATE-  Aug- iS; /<i  t'i' 
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cr i cn 


CO  CO  ^ 


ILE  NAME-  RC20 
TMBOL  SE  T - 
CALE-  zx 
DATE  - flue-  /f/S~ 


I 


fill  naff:  Ten ^ 

5 Y UROL  SC f - 
scaly  - -fx 

FAFF.  Ho\J 


2 


F I lE  NAME  - (tONzfPC. 
SYMBOL  SET- 
SCALE-  / x 
DATE-  0 


25 


FILE  NAME-  C0NI8B. 
SYMBOL  SET- 
SCALE-  /x 
DATE-  y i 


FILL  NAME-  dTito+O 
SYMBOL  SET- 
SCALE-  4-  X 
DATE-  zs'f-nic.  7 s' 
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APPENDIX  IV 


DESIGN  EXAMPLE 


An  example  of  a printed  circuit  board  designed  using 
the  Design  Symbols  Library  .ysten  is  included  here: 

Fig  4.1  is  th<  • • ■ • F th«  irt w<  rl 

Fig  4.2  is  the  rear  of  the  artwork 

Fig  4.3  and  4.4  are  an  assembly  drawing  of  : .<  1 

Fig  4.5  and  4.6  are  a logic  diagram  of  the  board 

All  of  these  figures  were  produced  from  the  sane  ay- 
out  tape  by  using  different  symbol  set. Routing  infer"  . 
was  added  to  produce  the  artwork  and  logic  diagram  and 
lettering  was  added  to  the  assembly  and  logic  drawing  . 


APPENDIX  V 


Listing 


of  the  Design  Assistance  Software  Main  Routine 
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O O O U O U (j  U -J  ouooooouooou  u 


C 

C THIS  PFOGPAM  IS  THE  HEART  OF  THE  DESIGNERS  DATA  BhSE 

i* 

C THE  USER  INPUTS  HIS  COMPONENT  LIST  WITH 

c 

C COMPONENT  IC€NTIFIER  <ALPHA>  - COLUMN  1 

C COMPONENT  NUMBER  = COLUMN  2 THRU  5 

C COMPONENT  PAF'T  NUMBER  - COLUMN  ? THRU  20 

C X POSITION  IN  INCHES  = COLUMN  21  THPU  30  (PIN  1) 

C V POSITION  IN  INCHES  = COLUMN  31  THPU  HO 

C OP IENTfiT ION  IN  DEGREES  ■=  COLUMN  HI  THPU  H5 

C DESCRIPTION  OR  COMMENTS  = COLUMN  46  THPU  73 

PHD-  SIZE  FOR  COMPONENT  - COLUMN  74  THRU  80 

A MAXIMUM  OF  280  COMPONENTS  MAY  BE  ENTERED 

THE  PROGRAM  SORTS  THE  C>ATA  IN  ASCENDING  ORDER  BY  COMPONENT  PA?T 
NUMBER 

A SEARCH  IS  THEN  MADE  THROUGH  THE  LIBRARY  TO  LOCATE  THE  CGMPOrJENT 
PART  NUMBER  IF  THE  PART  IS  FOUND  THE  SYMBOL  NAME  FOR  THE  TRI  >EA 
DRAWING  SYMBOL  LIBRAPY  IS  WRITTEN  ON  THE  OUTPUT  TAPE  IF  THE 
COMPONENT  IS  NOT  FOUND  A DEFALT  SYMBOL  IS  DRAWN  ANT  THE  APPROBATE 
MESSAGE  IS  PPINTED 


LUN  18  IS  THE  PPOGRAM  LIBRARY  TAPE 

LUM  19  IS  THE  TP IDEA  TAPE  FOR  PACKAGE  AND  PAD  DATA 

LUN  20  IS  THE  COMPONENT  POWER  FILE 

LUN  21  IS  THE  COMPONENT  PIN  FILE 

LUN  22  IS  THE  PARTS  FILE  BY  TYPE 

LUN  23  IS  THE  TRIDEA  TAPE  FOR  LETTERING  AND  SCHEMATIC  DRAWING:;  80815500 
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000000000000000  0 0 0000  0 00  0 000  Cl  o o o O o • *. 


COMMON/ 10/  LUN.  LUNEP 
COMMON  -'CMC'/  V 


THESE  COMMON  AREAS  PASS  INFORMATION  TO  THE  SUBROUTINES  WHICH 
WRITE  ON  TRICE A trpe 


DATA  LPHR/20/, LP IN/21/, LCMP/22/ 

ORTA  LPL/13/,  LLP/6/,  LCP/5/,  E0F/4H9 
CALL  TIME0NC6> 

I °ACK  = 1? 

ILETER  » 23 
.UNFR-F 

.PL  - PPOGPAM  LIBRARY 
.LP  « LINE  PRINTER 
.CP  - CAPO  PFADFP 
.UN  = TP IDEA  OUTPUT  TAPE 
.UNEP-  ERROR  OUTPUT  CLINE  PRINTER) 

LAMP  - COMPONENT  POWER  FILE 
LAIN  = COMPONENT  PIN/VOLT  FILE 
LCMP  - COMPONENT  PARTS  LIST  FILE 
I PACK  * TP  IDEA  TAPE  FOR  PACKAGE  DRAWING  AND  PAD  CONFIGURATION  OOA'M  *\'0 
ILETEP-  TRIDEA  TARE  FOP  PACKAGE  LETTEPING  OP  SCHEMATIC  PPPUING  'WA 


*♦/ 


ApOTACOP 

AAA  “•A.**,  A 


:ALL  CAPO  TOMSK 

THIS  SUBROUTINE  PE ADS  THE  DATA  CARDS  AND 
PUTS  THEM  ON  THE  BURROUGHS  DISK 

’EWIND  LPL 
’EWIND  I PACK 
'EWIND  ILETEP 

SET  UP  TAPES 

UN  = JPACk 
PEN  * 1 

SELECT  TRIDEA  PACKAGE  TAPF  WITH  BLACK  PEN  CPFN  J > 
AIL  BEGIN  ( I FEN> 

UN  = ILETER 
PEN  = 2 

SELECT  TRIDEA  LETTERING  TAPF  WITH  RED  PEN  '"PFN  2> 

ALL  BEG INC IPEN  > 

INITALIZE  BOTH  TRIDEA  TAPES 


PITECILP.  1 40  > 
PITECLUNEP,  140’ 


TOP  OF  FORM 
TOP  OF  FORM 


OAOT’U  A A 
frViTI'n 


0002?* 00 
up, o ;■?'  ro 

•V  .r i '•  * a a 
AAA  "'“■  i 
Al  'A  •>  • 

Af-*A  ' • A 

AAA  ■*". ' * 
A.', • T 

tiACK',  , 1 A 


4 


■ 
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I LEG IN  input  OF  PROGRAM  CONTROL 

CALL  INPUT  CLCR  SF,  E;P.  KR WFP.  KP INS  LUNFP.  ! APFl  ) 


FF-  SCftI  E FftCTOP 
BP=  Bft SE  POT  AT ! ON 
KPWEP-  1 I FT  POMFP  RFC* 'TPFMFNTS 
KPINS*  LIST  VOLTAGE  s GNf ■ FINS 


CBEGIN  DRAW  OPfiGIN 

C 

lun  = i pro: 

CftLL  PPG  ■ ?F > 

LUN  = ILETER 
CftLL  OPG  <SF> 

DRAW  ft  SCftLED  PPftGIN  ON  BOTH  TftPFS 

CENP 

CBEGIN  CARD  INPUT  SORT 

c 

CftLL  SPRTIT  CRCMP, LCR, LUNEP  LENGTH > 

C THIS  SUBROUTINE  wTLL  SORT  THE  INPUT  CARD  RECORD  INTO  ftPPftV 

PC HP  ftNP  STORE  THE  NUMBER  OF  COMPONENTS  IN  LENGTH 

C 

CEND 

C 

CBEGIN  TEST  OF  RESULT  OF  CftLL  TO  SORTIT 

C 

IFCLENGTH  GT  0)  GO  TO  10 


ftCtV'  4 ISO 

ftoftpft  *1  P-ft 
CiOftp.11 70 

0ft©?4SfiC-i 


WRITE  (LUNER.  100> 


CALL  EXIT 


WRITE  ERROR  MESSAGE  *ABORT* 


**ABORT***EXIT** 


10  CONTINUE 
CEND 

0 * « + •*>  ***i«.4.*  + + + 


L 


ooo  no  o o n o nno  o o ono  no  no 


c 

CRSGIN  SEmP'CH  OF  PROGRRM  LIBRhFv  FOR  THE  RECORD  COMPONENT?  hN(  PRo.T~~ 


THE  ft 


NEW=  TRUE 

DO  80  1=1, LENGTH 

SERPCH  FOP  EhCH  EF'  Of  f IN  F'C MF  RPPRV 

IF  ( NOT  NEW)  GO  TO  20 

DONT  PEHt  Ft  NEW  l TPPFtPV  REFERENCE  UNI  f S 
COMPONENT  TEST  WONT?  IT  DONE 

20  RERDCLPL- 110)  <PL IBCJ >- J=l.  34  ) 

RFRD  H FF'OCf'  FROM  l TPFRPV 

NEU=  TRUE 

R NEW  RECORD  HRS  EEEN  FFRP  FpOr-  THE  1 IF.'FRC'V 
IF<RLI6<1>  NE  EOF)  GO  TO  30 

IF  NOT  RT  LIBRRRV  END 
GO  TO  70 

ELSE 

WRITE  CLUNER.  120 > 

WRITE  ERROR  MESSRCiF  OfJ  LUNFR 

00  25  J= I. LENGTH 

LIST  THE  COMPONENTS  NOT  FOUND 
WPITECLUNEP.  130)  CRCMPC  J, K>, K=l,  5) 

25  CONTINUE 

GO  TO  81 

COMPLETE  THE  JOB  RND  OUTPUT  REQUIRED  LISTS 

30  CONTINUE 

NOT  RT  END  OE  L I BRRRV 
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onoo  oooooo  no  non  ooo  oooooooo  o o o noon 


r 


* .'.***  + +**'«•*'+ ,4  ♦♦'♦♦*♦4  4 4 4 4 4 t 4 • • 4 4 4 4 4 44  4-4444  ♦ 4 4 4 4 ▼ 444  t * * ♦ *44-4 


BEGIN  TEST  OF  'EXPONENT  VS  LIBRARY 
DO  60  J*=l, 3 

TEST  3 WORDS  OF  EACH  RECORD 

K«J+2 

TEST  1-3  OF  LIBRARY  BOA INST  "-A  OF  COMPONENT 

I F < RL 1 8 < J > -RCMP ( I , K ) ) 20  60. 40 

IF  COMPONENT  C.T  l 1 FRAPV  PEfiD 
ANOTHER  l IPPAPV  RECORD  <.20> 

, IF  COMPONENT  FO  LIBRAPV  DRAW 

THE  COMPONENT  Ac  SPECIFIED  >'60> 
IF  COMPONENT  IT  I IRPfiPV  WPITF 
MESSAGE  ON  l UNEP  AND  T^V  NEXT 
RECORD— RCMP-  <40> 

40  CONTINUE 

BEGIN  ERROR  MESSAGE  FOR  COMPONENT  NOT  FOUND  IN  1 BRY 
URITECLUNER,  ISO  CRCMPCI.  KK > ■ KK«=1,  5) 

END 

BEGIN  SET  UP  TO  CHECK  NEXT  COMPONENT  AGAINST  I TPRAPV 
I-I+l 

INCREMENT  TO  NEXT  COMPONENT  OF  PC MF  ARRAY 
IFC I -LENGTH}  30.30,86 

CHECK  IF  Hi  I COMPONENTS  HAVE 
EEEN  PROCESSED  VFS  THEN  80 
NO  THEN  CHECK  NEXT  COMPONENT 
AGAINST  L IBRARVv 30 > 

END 

60  CONTINUE 

A MATCH  OF  COMPONENT  TO  LIBRARV  HAS  BEEN  FOUND 

END 


1 
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oooooo  ooo  o oooo  noo  oo  o oon  noon  noon  no  non 


BEGIN  WRITE  APPROPRIATE  PATH  FOP  PRINT  OUT  . hTFP 


CENTX=RLIEK2S>+RCNF'  I F 
CENTV=RLIPC2F)+RCMP> I ?• 


COMPUTE  ABSOl  UTF  CENTER  FPOM  Op  I r T W,'r 


URITECLF'WR,  1B0)  CPCMF  ' I J.T-,  JJ«1.5  CFNTy.  FNTV 
PL  I PC 24 > 

WRITE  DATA  TP  THF  POUFF  F1;E  NO’ F FORMAT 
ICNO  -TYPE  CENTEFX.  CFNTFRV  POWER 

WRITECLPIN.  170)  CRCHPCI.  IJ>,  JJ=l.S>.  »PL  !P-»>  •-  ’ -l 

WRITE  DP TP  TO  COMPONENT  PIN  u Ti  f F’.F 
NOTE  FORMAT. 


IF<  NOT  NEW)  GO  TO  70 


ELSE 

WRITE < LCMF.  210) 
WFITECLCMP.  210) 
WPITECLCMP.  210) 


CHECK  IF  LIBFA=">  PF  TFO  WA? 
ALFFADv  Oi  iTf  T VEC  THEN  70 


WRITE  2 BIANK  RECORC'S 
WRITECLCMP,  1P0)  ■ PLieci'K)  . KK=1  13) 


NEW=  FALSE 


WPITF  LIBRARY  DATA  TO  COMPONENT  ftle 

SET  FLAG  TO  INDICATE  LIBRARY  REFERENCF 
HAS  BEEN  PROCESSED 


WRITECLLP. 190)  CRLIBCKK),  KK=1, 18) 


DISPLAY  LIBRARY  COMPONENT  AND  DESCRIPTION 
ON  LINE  PRINTER 


CONTINUE 


WRITECLLP,  200)  CPCMF  < I,  JJ),  JJ=2-  5)-  (RCMPU  . KK  ) • KK-9.  IS)  ■ 
CRCMPCI,  LL),  LL«1.  2),  RCHPCI.  16) 

DISPLAY  COMPONENT  DESCRIPTION  ON  LINE  PRINTER 

WRITECLCW,  210)  CRCMPCI,  JJ).  JJ«6,  7),  RCMP<I,16). 

<RCMP<  I,  KK),  KK«=1,  2) 


WRITE  COMPONENT  ID  ON  COMPONENT  FIl  F AND 
PIN  1 POSITION 
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o o o o o ooooonooo  o o n n o o o 


BEGIN  TRIDEA  SETUP 

do  rc.  jj=i. i? 

TEMP<JJ>=RCMP<I,  JJ> 


rtllO'f  c t *;! 

PUT  ACTIVE  COMPONENT  DATA  INTO  ARRAY  FOP  000?BP'r0 


TRANSFER  TO  TRIDEA  SUeRCH.IT I NE 

CONTINUE 

CALL  TRIDEALTEMP. RLIB.  SF  BP. LABEL  > 

DRAW  IC  ON  THf  TRIDEA  W [ TH  APPROPRIATE  LABEL 


0AFi" 


<?0  continue: 

31  CONTINUE 

END  PROCESS  OF  COMPONENTS  AND  LIBRARY 

♦ + * ♦ •p********'*’**'**-*  ♦4'  4c 4.4:  j*'t«4'**«4‘’r'*****'**<«**‘«*«*<'*'***,*,*',*',*,*'*:  * 4 ***♦ 


* ***+*•>****  •*♦  ****** -4«***4« •***4c**.***********4'************’* '*****'*’♦ ’♦'’*♦*♦*’ '** 

lEGIN  TERMINATION  OF  FILES 


UP  I TE  •■  L PUP  ■ CCA  > EOF 
HR  I TE  LLP I N, 220 > EOF 
WR I TE  ■'  L C MP,  220  ) EOF 

WRITE  END  OF  FILE  TAG  ON  EACH  FILE 

LUN  = I PACK 
CALL  THEEND 
LUN  = ILETER 
CALL  THEEND 

CLOSE  THE  FILES 
TERMINATION  OF  FILES 


0AA-1A'r.O 

A0O4COF0 

eeoAB; Re 


4 4.  4*4* 4. 4< 4* 4«4< 4* 4<  *4- **4*4« 4* 4<>*'*4< 4***%***#4'4*4‘*4«'*>4t*< ’a*****"**********1* ■*♦«*'*♦* *+*«'* *•''**** 


non  on  on  non  oo  no  non  on 


C + ++1' * + * i ♦ * T * - t - . - . - • . 

CBEGIN  C'FiTH  LISTS 

PEW  INC'  LP.iF 
REWIND  LFIN 
REWIND  LC.MP 

REWIND  FILES  FOR  LISTS 
IF(  NOT  KPUER)  GO  TO  85 

CHECK  IF  POWER  DISSIPFiT  ION  L ST  F'FO 
NO  - GO  TO  85 

ELSE 

WRITE (LLP- 248) 

TOP  OF  FORM  ON  LINE  PRINTER  FIND  HF8DFP 
83  RE8D<LPWF.  168)  <TEMP< JJ),  JJ=i,  8) 

REFlD  Ft  RECORD  FROM  POWER  FILE 

IF( TEMP (3)  EQ  EOF;  GO  TO  85 

CHECK  FOR  END  OF  FILE  MRRF 
VES  THEN  85 

ELSE 

WRITE  (LLP.  256)  TEMPO)-  TEMP  (4).  TEMPO),  TEMP  ( 1 ) . TEMP<2>.  BOOTCCF'C-i 

1 TEMP < 6 ) , TEMPI?  •,  TEMPO) 

PRINT  TYPE-  COUPONENTNO  - CENT-X, CENT-V. POWFP 

GO  TO  83 

GET  NEXT  RECORD 

85  CONTINUE 

FINISHED  WITH  POWER  LIST 
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non  o o o o o o on  no  no  o n o n n o no 


IF'.  NOT  KP INS')  00  TO  90 

C HECF  IF  PIN  VOl  TAGF  l I FT  IF  Pc0 
NO  THFN  90 

ELSE 

UF  I TEC  LLP'  280) 

TOP  OF  FORM  PNC’  HEADING 
S?  PEADiLPIN,  170)  <TEMP<JJ>. JJ=1. 13) 

READ  VOLTACiF  DATA 

IFC  TEMPC 3 ) EQ  EOF)  GCi  TO  90 

CHECK  FOR  END  OF  FILE 
VES  THEN  90 

ELSE 

BEGIN  COMPUTE  THE  INDEX  OF  THE  LAST  VOLT /PIN  PAIR 

IEND*5 

INITALIZE  INDEX 
DO  89  IX=6,  12.  2 

CHECK  EACH  OF  FOUR  PIN  NUMBERS  TO  FIND  LAST 
IFCTEMPCIX).  NE  B 0-  IENO«IX*l 

IF  PIN  NO  OS  NOT  7ER0  THFN 
IT  IS  CONNECTED  TO  VOl  T AGE 

89  CONTINUE 
END 

UPITECLLP, 270) <TEMP<JJ),  JJ«=1,  I END) 

PRINT  COMP  NO.  TVPE.  PIN, 
VOLT,  PIN,  VOLT 

GO  TO  87 

READ  THE  NEXT  RECORD 

90  CONTINUE 

FINISHED  WITH  VOLTAGE/GROUND  LIST 


no  oo  oo  o o oo  o o no  non 


PARTS  LIST  ALWAYS  GENERATED 
WR I TEC  LLP-  260  > 

TOP  OF  FORM  PNC'  HE 00 1 NO 
93  READ<LCMP-  290><TEMP<JJ>,  JJ«i-  19) 

READ  0 RECORD  FROM  COMPONENT  LIFT 

IF<TEMP(1).  EQ.  EOF)  GO  TO  99 

END  OF  FILE  THEN  99 

ELSE 

WRITE(LLP,  200) (TEMP <JJ>, JJ=1.  19) 

WRITE  DflTH  ON  LINE  PRINTER 

GO  TO  95 

GO  TO  RERO  NEXT  RECORD 

99  CONTINUE 

REWIND  IP0CK  0‘?O.! 

REWIND  ILETER  •‘lOO-i 

REWIND  BOTH  TRIDER  TAPES  0004 

REWIND  LPL 

REWIND  PROGRAM  FILE 

CALL  TIME0FF<6> 

CALL  EXIT - 

•■•EXIT** 

Mi************************************************************'******** 


53 


ui  w k*  r j r 


J 00  FORMAT  "4.  H03EPO  PFCOPDS  F POCESSFD  FROM  INPUT  DEVICE  // 

1 (FH  ♦ PROGRAM  AF'OFTED  ****  ,-'/.'  > 

110  F np  MA  T < 3 A4 . 1 5A4 . 2A4  . 2R4 . 1 A2.  F5  4,  2F10  5,  4 ( IX,  F J 0.  IK,  F5  1>> 

1.'0  FORMAT <" 42HGEND  OF  FILE  REACHFD  ON  COMPONENTS  l.IBRARV/// 

I 36H  THE  FOLLOWING  COMPONENTS  NOT  FOUND  //  ) 

1 TO  FOPMFlT *'  1H  1R1.F5  O,  3.V,  3A4/> 

140  FiOPMAT  • 1H1 

IT  FOFHAT' 1H0.  1A1.  F5  0 3X,  3A4,  5.X.  22H*N0  LIBRARV  REFERENCE*//) 
ISO  FORMAT ClHl,  F4  0,  3A4,  2F12  4.F12  5 > 

170  FO’F'MAT  C 1 A'i. , F4  0.  3A4,  4a2F10  21) 

ISO  FORMAT >'  T A4 . 2X.  15A4  ) 

190  FORMAT  < 1H0,  . /,  1H  , 3A4,  5,X,  15A4/> 

ZOO  FORMAT '1H  , 3A4,  6X,  ?A4.  32X,  1A1,  F5  0 • 5X,  3HPAC-  • FI©  4) 

.10  FORMAT'.  4H  X*  , FI©  4,  5K,  4H  V«=  , F10  4.5X,  5HPAD=  , F10  4,5K, 

+1 1HC OMPONENT - , 1A1. F4  ©> 

22©  FORMAT  <"5H  , A4,  38.X) 

23©  FORMAT  <1A4,  93X1 

240  FORMAT  UHl. 25X. 22HP0WEP  DISSIPATION  LIST  / 

15SH  TVF'E  COMPONENT  CENTFR-X  CENTFR-V  F'OWFR 

2'TSH  INCHES  INCHES  WATTS 

7,r 0 FORMAT  ■ 1H0  3A4,  4X,  101,  F4  0.  SX,  FI©  4,  IX,  FIB  4,  IX,  F7  3 ) 

2 AO  FORMAT  ■'  1H1 . 25X,  24HV0LTRGE  AND  GROUND  LIST  / 

I I OH  COMPONENT.  5X.  4HTVPE,  ?X,  4<  3HPIN,  2'X,  5HV0LTS,  2X>//> 

TO  FOFMaTCIH©,  1A1,  F4  0.  SX,  2A4  4X,  4<F3  ©,  2X,  F5.  1,2X>> 

-0  FORMAT < 1H1,  40X,  11HPARTS  LIST.  //> 

90  FORMAT T 19A4 ) 

00  FORMAT C1H0, 19A4) 

10  FORMAT < 74<1H  >> 


©0051300 


//> 


©0052300 

000525OO 

©0052600 


00052-10 


END 
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